In the literature, consonants have been proposed to be more important than vowels in lexical activation and access processes. However, despite a large body of evidence in the infant and adult literature, a recent study revealed a disappearance of the bias in newly learned words over the preschool years (Havy et al., 2011) . As a first explanation of this developmental change, one might consider that the bias initially applies to all lexical processes to progressively narrow down its influence to specific cognitive and lexical mechanisms.
Introduction
The acquisition of new words is driven by a set of mechanisms emerging in the first year of life and developing during infancy and childhood. These mechanisms are involved in the processing of word forms, in the construction of conceptual representations and in the establishment of referential links between word forms and concepts. The present study addresses the question of word form processing during the construction of new lexical representations. In this research field, many elements suggest that consonants and vowels might be processed differently. The aim of the present study is to evaluate the weight of both types of information at the lexical level across development.
The relative importance of consonants and vowels at the lexical level is a much debated topic in psychophysics. Studies in that area suggested that due to a bias of the sensory system, consonant and vowel information might contribute differently to the processing of words in the speech signal. Some authors claimed that the long lasting segments were the most informative, suggesting an advantage for vowels (Kewley-Port, Burkle & Lee, 2007; Lee & Kewley-Port, 2008) . Alternatively, other authors claimed that because sensory systems respond primarily to changes, the most informative elements correspond to portions of the speech signal involving high spectral changes (Stilp & Kluender, 2010) , suggesting instead an advantage for consonants. The apparent discrepancies between these studies can be reconciled if we consider the problem at another level than purely psychophysics.
There is now a growing body of evidence in psycholinguistics reporting a difference in the processing of consonants and vowels at the lexical level and showing that this difference is not the result of low level sensory responses but more integrated mechanisms. In the literature, consonants have been suggested to play a particular role in lexical activation and access processes, while vowels have been considered to be more specifically involved in indexical, prosodic and syntactic processes (Nespor, Peña & Mehler, 2003) . This functional dissociation has been proposed to be due to a processing pressure resulting from the particular challenge of simultaneously learning the lexical and syntactic properties of the native language and the limited resources of young infants. The claim was that dividing the labor at the two linguistic levels between the two types of segments was less demanding than using both consonants and vowels to learn both the lexical and syntactic information. Accordingly, based on different findings and linguistic phenomena, Nespor et al. (2003) proposed two biases: a consonant bias in lexical processing and a vowel bias in prosodic and morphosyntactic processing. The present study investigates the lexical bias in favor of 4 consonants during word-learning in preschool age children and adults, in order to determine the extent to which this bias is stable across development.
The lexical bias in favor of consonants has been found in several studies on adult lexical processing. Studies on speech segmentation processes reported the existence in adulthood of mechanisms computing lexical regularities based on consonants. They showed that after exposure to an artificial language containing some distributional regularities, adults relied on consonants but not on vowels to calculate transitional probabilities, allowing the extraction of word forms from the speech signal (Bonatti, Peña, Nespor & Mehler, 2005;  Mehler, Peña, Nespor & Bonatti, 2006) . This bias in favor of consonants was found regardless of the sonority (plosives, continuous consonants) of the segments serving the computation process (Toro, Nespor, Mehler & Bonatti, 2008) .
The consonant bias has also been found in lexical reconstruction tasks that involve transforming a pseudoword (e.g., 'kebra') into a word by changing a consonant (e.g., 'zebra') or a vowel (e.g., 'cobra'). In these tasks, adults substituted a vowel with greater ease than a consonant (Cutler, Sebastian-Gallès, Soler-Vilageliu & Van Ooijen, 2000; Van Ooijen, 1994 , 1996 . Their difficulties with consonant substitutions were behaviorally marked by longer response latencies and higher error rates, and neurophysiologically marked by a stronger activation of an area involved in lexical search, the left inferior frontal gyrus (Sharp, Scott, Cutler & Wise, 2005) . The importance of consonants at the lexical level was also highlighed by a lexical judgment task requiring participants to identify whether pairs of words, whose consonants or vowels were masked by a white noise, shared the same meaning (Owren & Cardillo, 2006) . A mask on consonants disturbed lexical decision more than a mask on vowels, suggesting that consonants contribute more to lexical access than vowels.
The consonant bias has been found not only in oral lexical access tasks but also in written lexical decision tasks. In the latter tasks, a prime sharing the same consonant material as the target facilitated lexical recognition more than a prime sharing the same vowel material (e.g., for English: Lee, Rayner, & Pollatsek, 2002; for French: New, Araujo, & Nazzi, 2008; New & Nazzi, in press ; for Spanish : Carreiras, Dunabeitia, & Molinaro, 2009a; Carreiras, Gillon-Dowens, Vergara, & Perea, 2009b; Carreiras, Vergara & Perea, 2009c; VergaraMartinez, Perea, Garcia-Orza & Carreiras, 2010) . In these studies, vowel primes were found to elicit larger negativity than consonant primes for two electrophysiological components involved in lexical search, the N250 and N400, over anterior areas, a pattern suggesting that 5 the impossibility to extract consonant information in the early stages of processing might hinder lexical access (Carreiras et al., 2009a (Carreiras et al., , 2009b (Carreiras et al., , 2009c Vergara-Martinez et al., 2010) .
Combined together, all adult studies above point out the importance of consonantal information in adult lexically-related processing, whether at a low level (segmentation of word forms) or high level (activation and access of words stored in long-term memory).
However, so far, no study has ever explored the presence of this bias in adulthood when learning new words, which will be assessed in the present study.
Beyond the nature of lexical processes susceptible to be influenced by the bias, controversies exist regarding the origin of this bias and its emergence and expression over development. In infancy, some elements suggest that the lexical bias in favor of consonants might be present very early in development. This bias was found at 15 months in one study on familiar word recognition situations. Mani & Plunkett (2007) showed, with a familiar word recognition task that involved identifying a target object among two possibilities, that word recognition by English-speaking 15-month-olds was more disturbed by the alteration of a consonant (e.g., /bal/-/gal/) than by the alteration of a vowel (e.g., /bal/-/bu:l/); however, this pattern of asymmetry was not replicated in follow-up studies (Mani & Plunkett, 2010) . The consonant bias was more particularly revealed by studies using word-learning interactive tasks. In these studies, infants were exposed to two word-object pairings with labels contrasting either by a consonant or by a vowel (object A -pseudo-word a, object B -pseudoword b) and then asked after only 6 presentations of each pairing to select one of the two objects. These studies demonstrated that despite the short exposure, French-learning 16-to-20-month-olds processed place and voicing consonant information (e.g., place: /gul/-/dul/; voicing: /pivã/-/bivã/, Havy & Nazzi, 2009; Nazzi, 2005) whatever the nature of the consonant (plosives: Nazzi, 2005; fricatives, liquids, and nasals: Nazzi & New, 2007) .
However, they performed at chance on height and place vowel contrasts, suggesting difficulties processing vowel information (e.g., place: /∫yl/-/∫ul/, height: /poes/-/pos/, Havy & Nazzi, 2009) . By 30 months, infants successfully processed minimal vowel contrasts but still performed better on consonant contrasts (Nazzi, Floccia, Moquet & Butler, 2009 ). This asymmetry was also found at 3 years but disappeared at 4 years and 5 years due to a sharp increase in performance on vowel contrasts (Havy, Bertoncini & Nazzi, 2011) .
Interestingly, similar developmental changes were observed between 3 and 4 years with a different task introducing more pressure on lexical processes. In this task, children were presented with two objects respectively associated with two different names (e.g., /guk/-6 /dok/). In the test phase, they were asked to select one of them, but the name used to request the object (e.g., /duk/) was incongruent in the sense that it differed from one of the previously heard labels by a consonant (e.g., /guk/) and from the other by a vowel (e.g., /dok/). Thirtymonth-olds as well as 3-year-olds preferentially chose the object whose label differed from the target by a vowel. This pattern suggests that when facing uncertainty about the identity of a consonant or a vowel, children consider the consonant difference as more critical for lexical decision than the vowel difference (Havy, Bertoncini & Nazzi, 2011; Nazzi, Floccia, Moquet & Butler, 2009 ). However, 4-and 5-year-old children did not exhibit any advantage for consonants in this kind of conflict task. Does this mean that the lexical bias in favor of consonants disappears after 3 years of age in word learning tasks? Given the literature providing evidence of such a bias in adulthood with various lexical access tasks (from low-level word form segmentation, Bonatti et al., 2005 , to lexical access, Cutler et al., 2000 , this possibility is unlikely. However, as mentioned earlier, the consonant bias was never assessed in word learning situations in adulthood. Therefore, as a first although not very likely explanation of the developmental change found by Havy et al. (2011) , one might consider that the bias initially applies to all lexical processes regardless of the level of representation to progressively narrow down its influence to specific cognitive and lexical mechanisms, excluding processes involved in learning new words. This explanation predicts a lack of consonant bias in new word learning in adults, which needs to be evaluated. This need is further called by the fact that studies on the consonant bias never directly compared children's and adults' processing using the same task. There might be some qualitative changes throughout development in the type of cognitive and lexical processes involved in word learning having consequences on the expression of the consonant bias. These changes might impact on the strength of the bias and lead to a progressive disappearance of the bias during word learning throughout development.
Alternatively, the consonant bias during word-learning might remain present over development but its observed disappearance in Havy et al. (2011) might reflect limits of the tasks used. Indeed, most of the lexical tasks used in adult studies have tracked the bias inside a time-limited processing window intended to capture early lexical processes. Based on these measures, it has been established that the consonant bias constrains the speed of lexical access and is characterized by faster processing of consonantal than vocalic information during the activation of lexical representations. However, in the tasks used by Havy et al. (2011), there were no time constraints on responses and no measure of processing speed. Our study will 7 thus reexplore the issue of the consonant bias from 3 to 5 years of age with tasks capturing both the accuracy and the speed of lexical processing.
The other interest in reevaluating this issue comes from studies reporting an influence of the position of segments on the processing of consonantal information in infancy and childhood. In support of this positional effect, Swingley's (2005) results showed in a familiar word recognition task that Dutch-learning 11-month-olds are more sensitive to an onset mispronunciation than to a coda mispronunciation of familiar words (Swingley, 2005) .
Such asymmetry was also found at 4-5 years. Walley (1987) showed that children instructed to detect mispronounced familiar words in a story by pressing a button had more difficulties in identifying a mispronunciation involving a consonant in coda than in onset position. This position effect was also found in adults, using lexical decision tasks. Adults were found to be able to judge the lexicality of a sequence before its end, suggesting that the first elements of speech signal might be more critical for lexical decision than later-occurring elements (Marslen-Wilson & Welsh, 1978; Marslen-Wilson 1984) . The above findings suggest that the consonant bias might be modulated by the position of the consonant in the speech signal.
However, other recent results coming from studies testing the sensitivity to familiar word mispronunciation (e.g., 14-22 months: voicing: 'boat'-'poat'-'boad', place: 'book'-'dook'-'boop', Swingley, 2009) In the present study, we reevaluated the question of the consonant bias in preschool age children but also in adults. We assessed the extent to which (1) the consonant bias constrains word learning over these periods of developpement and the extent to which (2) the bias might be modulated by the position of the consonants in the signal. We designed two eye-tracking experiments, one evaluating the presence of the consonant bias during word learning, the other testing the strength of this bias in a conflict situation. In the first experiment, participants were first exposed to two objects whose respective labels differed either by a consonant (e.g., /pyv/-/tyv/) or by a vowel (e.g., /sop/-/soep/), and were then instructed in the test phase to look at one of the two objects. In the second experiment, derived from the conflict task by , the labels of the objects presented in the learning phase differed by both a consonant and a vowel, (e.g., /pyv/-/tuv/) and the target proposed in the test phase (e.g., /tyv/) differed from one of the labels by a consonant (e.g., /tuv/) and from the other by a vowel (e.g., /pyv/). In both experiments, the consonant changes were in onset position in half of the cases and in coda position in the other half. Participants 8 were tested on both experiments with a counterbalanced order of experiments across subjects.
For both experiments, participants had only 2500 ms to respond, a time window intended to capture processes underlying early word-form processing (Mani & Plunkett, 2007; Swingley, Pinto and Fernald, 1999; . We hypothesized that this timing constraint could increase the sensitivity of the task to the consonant bias in comparison to the tasks used in Havy et al. (2011) for which there was no such constraint. For both experiments we used two measures of processing, percentage of target looking times and response latencies, intended to index the stability and accuracy of lexical decision and the timing of lexical access respectively. The hypothesis is that if the consonant bias constrains the learning of new words at all ages, we should find a clear advantage for consonants in both populations.
The adult data will be presented first (Exp. 1a and 1b), in order to determine the extent to which the consonant bias constrains word learning in adult lexical processing and to establish the adult pattern against which we will evaluate the preschoolers's data (Exp. 2a and 2b). Twenty four monolingual French-speaking adults (8 males and 16 females) with a mean age of 25 years (SD : 7 years, range: 24-47 years) were tested. Particpants were students or employees from the 'Université Paris Descartes'. Six more adults were tested, but excluded from the analysis, because of calibration difficulties (n = 2) and insufficient data on all trials (n = 4).
Stimuli

Speech Stimuli
The speech stimuli for this study consisted of sixteen pairs of CVC pseudo-words ( contrasts, pseudo-words of the second series were created by taking pairs of the first series (e.g., /py∫/-/pu∫/) and by inverting the segments in onset and in coda position (e.g., /∫yp/-/∫up/). The two series of pseudo-words were used to elaborate twelve protocols respectively, thus giving a total of 24 protocols. Eight pairs of objects differing by shape, color and texture were selected. Using clearly different objects was supposed to facilitate the learning of the word-object pairings.
All objects were selected so that children and adults would be unfamilar with them. Each of these object pairs was consistently associated with a given pair of pseudo-words of the first series of protocols and a given pair of pseudo-words of the second series of protocols.
Film stimuli
With these speech stimuli, 8 trials were created. Each trial corresponded to one film structured into two parts: a learning phase and a test phase (Figure 1 ). The learning phase was followed by a test phase lasting 5 seconds, where participants were shown the objects seen in the learning phase. The objects appeared simultaneously on the screen and rotated clockwise around their vertical axis. Their arrangement on the screen was determined by their order of presentation during the learning phase (first one on the left side of the screen and then one on the right side).
The test phase was divided into two parts lasting 2500 ms each: a pre-naming phase and a post-naming phase. The ' pre-naming phase ' evaluates potential spontaneous preferences for objects, prior to one of them being labeled. The post-naming phase evaluates the recognition of the target object after its label has been pronounced. The choice of the time window of 2500 ms was based on previous studies showing that this window covers lexical processes related to word form processing (Mani & Plunkett, 2007; Swingley, Pinto and Fernald, 1999; . In the post-naming phase, participants were requested to look at the target with the following sentences: ' Look at the _!, Where is the _? '.
The first contrasted segment of the first token occurred 2133 ms from the beginning of the trial that is 367 ms before the end of the pre-naming phase. This duration is roughly the amount of time required to initiate an eye movement in response to an auditory stimulation in infants from 14 -to-24-months and has been used in numerous studies on early lexical processing (Swingley, Pinto and Fernald, 1999; and related adult experiment (Swingley, 2009) .
Protocols
Twenty four protocols of eight trials each were created. The order of presentation of these trials (1 st to 8 th position) was balanced across protocols so that all trials appeared in all 8 positions three times. For each trial, one pair of objects was consistently associated with one pair of pseudo-words of the first series of protocols and with one pair of pseudo-words of the second series of protocols (2 possibilities). Word-object pairings were counterbalanced (2 possibilities per words: word a-object A or word a-object B). Furthermore in half of the cases, the object was on the left side of the screen, in the other half it was on the right side (2 possibilities). Objects served equally often as the target and as the distractor (2 possibilities).
We also ensured that for each protocol there were no more than two consecutive targets on the same side and no more than two consonant or vowel trials in a row. Overall we created sixteen films for each trial. The films were presented by means of a PC computer on a 19-inch screen. We used the Tobii 1750 eye-tracker to record eye movement data. A camcorder was mounted above this display to record participant behavior. To ensure that no movement of the participant would disrupt the process of eye-tracking, we used a chin-rest. The presentation of the stimuli, the storing of the data and the analyses were performed with the Tobii Studio Analysis software.
Procedure
Participants were tested individually in a dimly lit quiet laboratory room. After a 5-point calibration, 8 films were presented. For each of these films, participants were first exposed to two word-object pairings (e.g., 'object A'-'pos ', 'object B'-'poes') . In the test phase, they were requested to look at one of the two objects (e.g., 'pos'). The experiment lasted approximately 10 mn and was proposed with another word-learning experiment of similar duration (Experiment 1b), with a counterbalanced order of the experiments across participants.
Measures
The eye-tracking data collected consisted in a binocular average of gaze fixation and eye saccades. Data were analyzed with respect to two areas of interests defined by dividing the screen into two equal parts: a target part and a distractor part, including respectively the target and the distractor objects. As commonly done in the literature on word learning (Fernald, Swingley & Pinto, 2001; Mani & Plunkett, 2008; , two measures were considered: percentage of target looking times and response latencies to shift from the distractor to the target object. Percentage of target looking times and shift latencies are intended to capture different aspects of lexical decision, with the percentage of target looking time informing about the accuracy and the stability of the lexical decision inside the time window of 2500 ms and the latencies informing about the time needed to activate lexical representations and to detect a mismatch between the label heard and the label of the observed object from the point of disambiguation. We assumed that if consonant information constrains the stability and the speed of lexical decision more than vowel information, this should be marked by longer target looking times and faster shift latencies for the consonant-contrasted pairs.
For each phase of each trial, we first calculated the percentage of target looking times, 13 that is the amount of time spent looking at the target object (T) over the amount of time spent looking at the target object and the distractor (T+D). Naming effects were evaluated by comparing pre-and post-naming phases. We excluded from the analyses trials for which participants did not look at both objects in the pre-naming phase (43/192 trials) or did not look at the screen in the post-naming phase (1/192 trials). For the consonant/vowel analyses, we included participants contributing to at least two of the four consonant trials and two of the four vowel trials (n = 24). For the onset/coda analyses, we included participants contributing to at least one of the two onset trials and one of the two coda trials (n = 24).
In addition to this measure, we calculated latencies to shift from the distractor to the target object (86/192 trials) after the target has been labeled. Latencies were calculated from the critical point of disambiguation that is from the onset of the contrasted segment (consonant in onset position, consonant in coda position, vowel). We excluded from this analysis outliers, that is values greater or less than two standard deviations from the mean (6/86 trials). Analyses were performed on participants who provided consonant and vowel data (n = 18) for the consonant/vowel comparison and onset and coda data (n = 10) for the onset/coda comparison.
Results
ANOVAs were conducted on the participant mean values of percentage of target looking times after an arcsine-root transformation was performed to normalize the data. Ttests were also performed to evaluate mean performance against chance level, set at 50% since each trial involved a choice between two objects. ANOVAs were also performed on shift latencies. For both measures, results on the consonant/vowel asymmetry are first presented, followed by results on onset versus coda processing. Altogether these first results on target looking times establish that adults are able to quickly learn pairs of new words contrasting by a vowel or a consonant feature independently of consonant position and without any apparent advantage for consonants over vowels.
Percentage of looking times
However, based on the litterature on adult processing, we presumed that the difference between consonants and vowels might be found in the timing needed to identify the target, which is evaluated in the following through the latency needed to switch from the distractor to the target and to switch from the target to the distractor upon hearing the target words.
Shift latencies
Consonant/Vowel comparison
We first conducted a repeated measures ANOVA taking the type of segment (consonant vs. vowel) as a within-subject factor and order of experiment as between subject factor (1a versus 1b). Overall participants took 587 ms (SD = 319 ms) to shift from the 
Discussion
This experiment was designed to explore the existence of a consonant bias during the processing of newly learned words in adulthood. To evaluate this, we analyzed percentages of target looking times and shift latencies, two measures intended to assess respectively the accuracy and stability of lexical decision and the timing of lexical access.
Percentage of target looking times revealed that adults were able to learn new words contrasting by a consonant or a vowel feature but failed to show any processing difference to the advantage of consonants. However, latencies revealed faster detection of the label mismatch when initially looking at the distractor in the consonant than in the vowel condition.
This finding of a consonant bias, which is the first regarding word learning in adulthood, extends previous studies having shown the existence of a consonant bias in lexical activation and access processes (Carreiras & Price, 2008; Carreiras, Dunabeitia & Molinaro, 2009a; Lee, Rayner & Pollatsek, 2002; New, Araujo & Nazzi, 2008; New & Nazzi, in press; Owren & Cardillo, 2006; Toro, Nespor, Mehler & Bonatti, 2008; Van Ooijen ,1996) . More interestingly, the fact that the bias is found only on shift latencies suggests that it mainly constrains the early stages of lexical access, in accord with previous behavioral and electrophysiological data using different paradigms (Carreiras & Price, 2008; Carreiras, 17 Dunabeitia & Molinaro, 2009a; Lee, Rayner & Pollatsek, 2002; New, Araujo & Nazzi, 2008; Van Ooijen ,1996) .
In addition to these effects, percentage of looking times and latencies provided converging evidence of good processing of consonant information in onset as well as in coda position, without revealing any processing differences between both positions. This pattern suggests that in adulthood the asymmetry to the advantage of consonants is not sensitive to the position of the consonant in the target word.
Experiment 1b. New word learning in a conflict situation in adulthood
Experiment 1a established the existence of a consonant bias in adulthood during wordlearning. To evaluate the strength of this bias, we conducted a second experiment putting consonant and vowel information in conflict. This conflict task is based on the lexical competition task initially set up by . It consists of a learning phase during which adults are taught two word-object pairings followed by a test phase requiring to look at one of the two objects. However, the proposed target (e.g.,'koeb') is incongruent since it differs from the labels presented during the learning phase either by a consonant (e.g.,'koed') or by a vowel (e.g., 'kob'). We hypothesized that if participants have a consonant bias, they will prefer the object corresponding to the label having the same consonants as the target (e.g., 'kob').
Method
Participants
The adults recruited for Experiment 1a also completed Experiment 1b. Order of experiments was counterbalanced.
Stimuli
Speech Stimuli
The speech stimuli consisted of sixteen pairs of CVC pseudo-words ( Eight pairs of objects differing by both shape, color and texture were selected. Each of them was associated to one pair of items of the first series of protocols and one pair of items of the second series of protocols.
Table 2
Pairs of pseudo-words used for the 12 first protocols (P1) and the 12 last protocols (P2), with a description of the consonant (C) and vowel (V) manipulations.
Pair of pseudo--words used in P1
Pair of pseudo--words used in P2 (Swingley, Pinto and Fernald, 1999; , we decided as in Experiment 1a to set at 2133 ms the onset of the first segment supposed to provide critical disambiguation information, so that in an onset/vowel conflict, the test phase started 2133 ms after the beginning of the onset consonant while in a vowel/coda conflict, it started 2133 ms after the beginning of the vowel.
Apparatus, software and procedure
We used the same apparatus, software and procedure as in Experiment 1a.
Measures
As previously, the eye-tracking data collected consisted of the binocular average of gaze fixation and eye saccades. Data were analyzed with respect to the two areas of interests defined by dividing the screen into two equal square parts: a 'target' part and a 'distractor' part, including respectively the 'target' and the 'distractor' objects. Since the pseudo-word proposed in the test phase (e.g.,'koeb') did not correspond to the pseudo-words of the learning-phase (e.g.,'koed'-'kob'), we defined for the purpose of the analyses a 'target' object and a 'distractor' object. In accordance with our hypothesis assuming a greater reliance on consonant than on vowel information during lexical processes, the 'target' object was the one corresponding to the label differing from the target proposed in the test phase by a vowel (e.g.,'kob') and the 'distractor' object was the one corresponding to the label differing from the target proposed in the test phase by a consonant (e.g.,'koed'). Finding preferential looking towards the target object was assumed to index a consonant bias, while a preference for the distractor was assumed to index a vocalic bias.
We first calculated the percentage of target looking times for the pre-and post-naming phases, that is the amount of time spent looking at the target object (T) over the amount of time spent looking at the target object and the distractor (T+D). Naming effects were evaluated by comparing pre-and post-naming phases. An increase of target looking times 20 after naming would reflect a bias to the advantage of consonants, while a decrease of target looking time would reflect an advantage for vowels in lexical decision. We excluded from the analyses the trials for which participants did not look at both objects in the pre-naming phase (53/192 trials) or did not look at the screen in the post-naming phase (6/192 trials). For the general analyses, we included participants contributing to at least four of the eight trials (n = 24) and for the analyses on sequential effects, we included participants contributing to at least two of the four onset trials and two of the four coda trials (n = 24).
We also conducted an analysis on latencies. We calculated the amount of time needed to shift from 'distractor to target' and the amount of time needed to shift from 'target to distractor'. A faster shift towards the target than the distractor would indicate a faster detection of the consonant than the vowel incongruency and as such reflect a consonant bias.
Conversely, a faster shift towards the distractor than the target would index a faster detection of the vowel than the consonant incongruency and as such reflect a vowel bias. Outliers, that is values more or less than two standard deviations from the mean, were excluded from the
analysis (5/67 trials involving a switch from distractor to target and 1/85 trials involving a switch from target to distractor).
Analyses were performed on participants who provided for each type of shift (shift from the distractor to the target object, shift from the target to the distractor) data on at least four of the eight trials (n = 24) for a general evaluation of the reaction to the conflict and data on at least two of the four onset and two of the four coda trials (n = 10) for an evaluation of sequential effects on conflict processing.
Results
Statistical analyses similar to those conducted in Experiment 1b were performed on percentages of target looking times and latencies.
Percentage of looking times
Consonant/Vowel comparison
The percentages of target looking times were corrected with an arcsine root transformation to normalize the data. After correction, the values were entered into an ANOVA taking as within subject factor the test phase (pre-versus post-naming) and as between subject factor the order of experiment (1a versus 1b Figure 3a ). There was no order effect 
F < 1). All other effects and interactions failed to reach significance (F < 1). This pattern
indicates that performance is sensitive to sequential effects and suggests that adults weigth more a mismatch on a consonant in onset than a mismatch on a vowel for lexical access.
However, note that such sequential effects do not lead to a preference for vowels in a vowel/coda conflict, suggesting that they consider the mismatch on the vowel and the coda as equivalent for lexical decision. Therefore, interactions between the consonant bias and sequential processing need to be considered.
Shift latencies
Consonant/Vowel comparison
The percentage of target looking times reveals that in a conflict situation the strength of the consonant bias is weak and might be modulated by sequential effects. To further explore this issue, we reevaluated the observed pattern with the shift latencies. Latencies were entered into an ANOVA taking as within-subject factor the type of shift (from 'distractor to target' versus from 'target to distractor') and as between-subject factors the order of experiment (1a versus 1b). The results revealed a main effect of shift type (F(1, 21) = 8.44, p = .008, η 2 = .29, Figure 3b ). Adults took 629 ms (SD = 268 ms) to shift from the distractor to the target, while they took 873 ms (SD = 385 ms) to disengage from the target, suggesting that they detect faster a consonant incongruity than a vowel incongruity. There was no order effect nor interaction involving this factor (F < 1).
Onset/Coda comparison
We also conducted an ANOVA with the within-subject factors of shift type (from distractor to target versus from target to distractor) and position of consonant (onset versus coda) and the between-subject factor order of experiment (1a versus 1b) . The results revealed a main effect of shift type, marked by faster shift towards the target object than the distractor object (F(1, 10) = 8.98, p =.01, η 2 =.47) but did not find any significant interaction between shift type and segment position (F < 1, Figure 3b ). All other effects and interactions failed to reach significance (all Fs < 1). This suggests that the processing of consonants is not influenced by the position of the segment in the word. 
Discussion
The aim of Experiment 1b was to evaluate the strength of the consonant bias in adulthood with a task introducing a conflict between consonantal and vocalic information.
The task involved the learning of two word-object pairings and then required the adult to look at one of the two objects. The target proposed was incongruent and differed from one of the labels by a consonant and from the other by a vowel. In this kind of conflict situation, there was the possibility to consider either the consonant difference or the vowel difference as more critical for lexical access.
Shift latencies revealed an advantage for consonants. Adults shifted faster to the item differing from the target by a vowel than to the item differing from the target by a consonant.
This suggests that adults detected the consonant incongruency faster than the vowel incongruency. Percentage of target looking times did not provide clear evidence of any bias, which suggests that after having identified the incongruency of the information adults had difficulties to make a stable lexical response. Combined with data from Experiment 1a, these results establish in adulthood, the existence of a consonant bias in new word-learning which is observed mainly in the speed of processing mechanisms related to lexical access.
24
Regarding the onset/coda issue, while Experiment 1a did not provide evidence of a processing difference, Experiment 1b revealed an advantage for the first perceived congruent element in a conflict situation (consistent with previously-reported order effects, e.g., Marslen-Wilson & Welsh, 1978; Swingley, 2005 Swingley, , 2009 ). This bias was not found in the latency analysis but in the total time spent looking at the target, suggesting that it mainly influences the stability of the lexical decision. For a conflict involving an onset and a vowel, participants looked more at the item sharing the same onset as the target while there was no preference for a conflict involving a vowel and a coda. Interestingly, the absence of a vowel preference for a vowel/coda conflict suggests that the lexical decision is not only constrained by a sequential bias favoring the initial information but driven by an interaction between a sequential bias and a consonant bias. As a result of this interaction, the importance of the consonant might be reinforced in a onset/vowel conflict and decreased in a vowel/coda conflict.
In sum, Experiments 1a and 1b demonstrate the existence of a consonant bias in word form processing in adults learning new words. As revealed by latencies and percentage of target looking times, this bias appears to constrain the timing of the lexical decision rather than the accuracy and stability of the decision, suggesting that it has more influence on the early stages of lexical processing. This bias is as robust in onset as in coda position. However, Three groups of French-learning children were tested: 3 year-olds (n = 24, 9 males and 15 females, mean age: 44 months, range: 37-47 months), 4 year-olds (n = 24, 10 males and 14 females, mean age: 55 months, range: 51-59 months) and 5 year-olds (n = 24, 12 males and 25 12 females, mean age: 67 months, range: 60-71 months). Children came from middle-class families, and were tested at the public kindergarden schools 'Paul-Vaillant Couturier' and 'Les Coquelicots', in the Paris area. Seven additionnal children were tested but were excluded from the analysis because of disinterest in the task (n = 1) or equipment failure (n = 6).
Stimuli and procedure
Children's word-learning abilities were evaluated with the same experimental procedure as that used in Experiment 1a. Children were exposed to two word-object pairings (e.g., /pyv/-/tyv/) and then requested to look at one of the objects (/pyv/).
As previously noted, we calculated the percentage of target looking times on the preand post-naming phases. Naming effects were evaluated by comparing pre-and post-naming phases. We excluded from the analyses the trials for which participants did not look at both objects in the pre-naming phase (67/192, 69/192 and 47/192 trials for the 3-, 4-and 5-year- olds respectively) or did not look at the screen during the post-naming phase (2/192, 8/192 and 6/192 
trials for the 3-, 4-and 5-year-olds respectively). For the consonant/vowel
analyses, we included children contributing to at least two of the four consonant trials and two of the four vowel trials (n = 24 for each age group). For the onset/coda analyses, we included children contributing to at least one of the two onset trials and one of the two coda trials (n =
for each age group).
In addition, we calculated the shift latencies on the trials in which children shifted from the distractor to the target object after hearing the target label (90/192, 83/192 and 79/192 trials for 3-, 4-and 5-year-olds There was no main effect of age (F < 1) or order (F < 1) nor any interaction involving one of these factors (F < 1). Altogether, these results suggest that preschool age children successfully process the phonetic detail of newly learned words, while indicating that the processing of consonants tends to be more accurate than the procesing of vowels.
Onset/Coda comparison
In order to explore the potential impact of position on consonant processing, percentages of target looking times were entered into an ANOVA restricted to consonant trials taking as within subject factors test phase and position of segments and as between subject factors order of experiment (2a versus 2b) and age (3, 4, 5 years). The results revealed a main effect of test phase (F(1, 66) = 16.89, p < .001, η 2 = .20). All other effects and interactions failed to reach significance, which suggests that the quality of consonant processing is not sensitive to the position of the segment in the word.
Shift latencies
Consonant/Vowel comparison
Latencies were entered into an ANOVA taking as within subject type of segment There was no main effect of age (F(2, 21) = 2.13, p = .14, η 2 =.17), nor any interaction involving this factor (F < 1). There was no effect of order (F(1, 21) = 2.97, p = .11, η 2 = .12) nor interaction involving this factor (F < 1). This pattern suggests that the processing of consonants is not sensitive to the position of the segment. 
Discussion
This experiment aimed at providing a better understanding of the developmental changes reported over the preschool age period in the processing of consonant and vowel 29 information during word learning (Havy et al., 2011) . The percentage of target looking times revealed that at all three ages children exhibit a naming effect for both consonant and vowel contrasts. The size of the naming effect appeared overall higher for the consonant contrasts than for the vowel contrasts but the tendency did not yield significance. The advantage for the consonants appeared mainly on the response latencies. Overall children shifted faster to the target object in the consonant than in the vowel conditions, with larger effects when the wordlearning task was performed after the conflict task, suggesting potential training effects. The present experiment thus provides evidence of a consonant bias in word-form processing that mainly influences the early stages of lexical decision from 3 to 5 years.
Furthermore as demonstrated by latencies and percentage of target looking times, the processing of consonant information appears as robust in onset as in coda position extending recent results failing to find processing differences between both positions in infancy (Nazzi & Bertoncini, 2009; Nazzi 2005; Ren & Morgan, 2011; Swingley, 2009 ).
In summary, Experiment 2a provides evidence of a consonant bias over the preschool age period, whithout finding developmental changes in the strength of the asymmetry. In the following experiment, we explore the pattern of preschoolers in the conflict task. The participants recruited for Experiment 2a were also tested on Experiment 2b. As previously noted, the order of experiments was counterbalanced across children.
Stimuli and procedure
We used the same stimuli and procedure as in Experiment 1b. Children were first exposed to two word-object pairings (e.g.,/byv/-/duv/) and then requested in the test phase to look at one object: `Look at the _ _! Where is the _ _?' The target proposed was incongruent and corresponded to none of the items previously learned (e.g., /buv/). It differed from one of them by a consonant and from the other by a vowel. As previously, we defined the target as the object whose label differed from that requested in the test phase by a vowel and the distractor as the object whose label differed by a consonant. We collected percentages of target looking time in the pre-and post-naming phases and response latencies in the post-30 naming phases. Preferential looking towards the target object (greater looking time and faster responses latencies) was assumed to index a consonant bias, while a preference for the distractor was assumed to index a vowel bias. We used the same criteria of exclusion as for Experiment 1b. For percentages of target looking times, we excluded trials for which participants did not look at both objects in pre-naming phase (59/192, 75/192, 51/192 trials in 3, 4 and 5 year-olds respectively) or did not look at the screen in the post-naming phase (4/192, 7/192, 7/192 trials in the 3, 4 and 5 year-olds respectively) . For the general analyses, we included participants contributing to at least four of the eight trials (n = 24 for each age group) and for the analyses on sequential effects, we included participants contributing to at least two of the four onset trials and two of the four coda trials (n = 24 for each age group).
For shift latencies, we performed calculations on trials corresponding to a shift from the distractor to the target and on trials corresponding to a shift from the target to the distractor. A faster shift towards the target than the distractor was assumed to reflect a consonant bias. Alternatively a faster shift towards the distractor than the target was assumed to index a vowel bias.
We excluded from the analyses outliers that is values less or more than two standard n = 20, n = 22, n = 18, for 3-, 4-and 5-year-olds respectively) for a general evaluation of the reaction to the conflict and data on at least one of the four onset and one of the four coda trials (n = 16, n = 18, n = 11, for 3-, 4-and 5-yearolds respectively) for an evaluation of sequential effects on conflict processing
Results
Percentages of target looking times
Consonant/Vowel comparison
After statistical corrections (an arcsine root transformation), the percentages of target looking times were entered into an ANOVA taking as within-subject factor test phase (prenaming versus post-naming) and as between-subject factors order of experiments (2a versus 2b) and age (3, 4, 5 years). There was a main effect of test phase, marked by an increase in target looking times after the critical point of disambiguation SD 31 = 11.98%, t < 1, SD = 11.75% t(71) = 2.61, p = .01, F(1, 66) = 10.79, p = .002 , η 2 =.14, Figure 5a ). All other effects and interactions failed to reach significance (all Fs < 1). This pattern suggests that over preschool years, childern consider a mismatch on consonant information as more critical for lexical decision than a mismatch on vowel information.
Onset/Coda comparison
We entered the percentages of target looking times for the consonant trials into a second ANOVA taking as within-subject factor test phase (pre-naming versus post-naming) and position of segment (onset versus coda) and as between-subject factor order of experiment (2a versus 2b) and age (3, 4, 5 years). The results did not yield any significant effect of segment position (F(1, 66) = 2.29, p = .13 , η 2 =.03). All other effects and interactions failed to reach significance (F < 1). Overall, this suggests that regardless of the position of the segment, children relied more on consonant than vowel information.
Shift latencies
Consonant/Vowel asymmetry
In a second series of analyses, latencies were entered into an ANOVA taking as within-subject factor shift type (shift from distractor to target versus shift from target to distractor) and as between-subject factors order of experiment (2a versus 2b) and age (3, 4, 5 years). The ANOVA revealed a marginal main effect of shift type (F(1, 60) = 3.04, p = .09, η 2 =.05, Figure 5b ). Children tended to shift faster towards the object associated to the label differing from the target by a vowel (M = 666 ms, SD = 328 ms) than towards the object associated to the label differing from the target by a consonant (M = 737 ms, SD = 370 ms), a pattern suggesting that they identified and reacted faster to the consonant than to the vowel incongruity. This pattern was consistent regardless of the age range considered and the order of the experiments (all Fs < 1).
Onset/Coda comparison
To evaluate position effects, we conducted another ANOVA on consonant trials taking as within subject factors shift type and position of segments (onset versus coda) and as between subject factor order of experiments (2a versus 2b) and age (3, 4, 5 years). The analysis did not reveal any main effect of position (F < 1). All other effects and interactions 32 failed to reach significance (F < 1). Overall, this suggests that over the preschool age period, the consonant bias observed in a conflict situation is as robust in onset as in coda positions. 
Discussion
The aim of Experiment 2b was to explore the robustness of the consonant bias in 3-to-5-year-old children in a conflict situation. Percentage of target looking times and latencies revealed, in accordance with the results of Experiment 2a, the existence of a consonant bias over the preschool years. In this conflict situation requiring to deal with an incongruent target, children demonstated a preference for the object whose label differed from the target by a vowel. They looked longer and shifted faster towards this object than towards the other one.
As in Experiment 2a, the task did not reveal any developmental changes in the strength of the bias between 3 and 5 years. The task did not reveal any positional effect either: Regardless of the relative position of the conflict (onset/vowel, vowel/coda), chidren attended more to the consonantal than to the vocalic information.
General Discussion
The aim of the present study was to explore the processing of phonetic information in preschoolers and adults when learning new words. It consisted in determining whether this processing is influenced by a lexical bias in favor of consonants and the extent to which this could be explained by the relative position of the consonant and vowel segments in the word.
A further aim of the study was to explore the existence of possible developmental changes in the strength of the bias over the preschool years and to evaluate whether its relative disappearance in Havy et al. (2011) was the result of a decrease of its influence on word learning or the result of the limits of the task used in that study and its limitation to capture the early stages of lexical processing. To address these questions, we designed two eyetracking experiments simulating the acquisition of new words. In the first experiment, after a short exposure to two word-object pairings differing either by a consonant or by a vowel, participants were requested to look at one of the object named. In the second experiment, they were requested to look at one of two objects, knowing that in this case the proposed target did not correspond to one of the two new words but differed from one by a consonant and from the other by a vowel. Looking behavior was recorded within a time window of 2500 ms intended to capture early lexical processes.
Both experiments first established that preschool age children and adults were able to learn two new phonetically-similar words after only six repetitions of each word.
Consonant bias
Regarding the consonant bias, both experiments establish in childhood and in adulthood the existence of an advantage for consonants over vowels during word learning.
In adults, this bias appears to constrain the timing of lexical recognition, that is the time needed to detect an incongruency between the name of the observed object and the label heard at the point of disambiguation. In the word-learning task involving congruent targets, adults shifted faster towards the target object when hearing a label contrasting by consonantal information than by vocalic information. In the conflict situation involving the choice between two incongruent labels (one differing from the target by a consonant and the other differing from the target by a vowel), they showed the same bias, namely a tendency to disengage more quickly from the object whose label differed from the requested name by a vowel than the other way round. The bias did not influence the overall time spent looking at the target object in the congruent situation. For both consonant and vowel contrasts, adults were able to make a stable lexical response within the 2500 ms after the point of disambiguation. In a conflict situation involving to deal with an incongruency about the identity of a consonant on the one hand and a vowel on the other hand, they did not weight one type of incongruency as more important than the other.
In children, the bias was found to affect mainly the overall time spent looking at the target object. It appeared clearly in the conflict situation (Experiment 2b) in response to a processing pressure involving to deal with an uncongruent target. It was marked by longer looking times towards the object whose label differed from the target by a vowel, suggesting that children considered the consonant incongruency as more critical for lexical recognition than the vowel incongruency. The bias also influenced lexical response in the absence of a conflict (Experiment 2a) but only marginally, as attested by a significant naming effect size only for the consonant contrasts. Finally, effects similar to those reported in adults were present in shift latencies but only as trends.
Importantly, there was no developmental change between 3 and 5 years in the strength of the bias. However, even though a consonant bias was found both in preschoolers and adults, there were noticable changes between the preschool years and adulthood, with lexical processing becoming faster and more accurate. As a consequence of this improvement, the expression of the bias was found to change. While in children it influenced recognition accuracy and to a lesser extent shift latencies, in adults it only constrained shift latencies.
Altogether, the present findings suggest that the disappearance of the bias observed in Havy et al. (2011) might result from methodological issues more than a real disapearance of 35 the bias when learning new words. The present data shows that in preschool age children and adults the bias tends to constrain mainly the early stages of lexical decision. Accordingly, the absence of any time constraints in Havy et al. (2011) and the inability to capture processes within the first 2500 ms after the point of disambiguation might have masked the expression of the consonant bias (possibly due to later intervening processes, such as morphological processes as suggested in that study).
Along with methodological issues, it is also important to note that the conflict design might be less sensitive in adults than in children possibly because of a better awareness of the conflict in adults. In the conflict situation, children and adults were free to use different strategies to respond. One possibility was to rely on the differences between the previously stored information and the actual input, the other was to rely on their similarities. These alternative strategies involved comparing a consonant incongruency to a vowel incongruency or comparing the similarity between an item sharing two consonants and an item sharing a consonant and a vowel. Even though both strategies converge to the same predictions, one could have been more sensitive to the bias than the other. Related to this point, changes in the way to solve the conflict might have introduced variation in performance and decreased the sensitivity of the conflict task in adulthood. Future studies need to be conducted to further our understanding of the observed pattern of results.
Consonant bias and sequential processing
One other issue addressed by the study was to evaluate the extent to which the consonant bias was sensitive to sequential effects. The interest in addressing this issue was motivated by previous studies suggesting that because of their acoustic properties (Carton, 1997; Encrevé, 1988; Léon, Léon & Thomasset, 2007) and weight in lexical activation processes (Marslen-Wilson & Welsh, 1978; Swingley, 2005) , information in onset positions might be better processed than information in coda positions. The aim was thus to determine whether the advantage for consonants was modulated by the respective position of segments in the word. Experiments 1a and 2a showed that children and adults were able to learn new words contrasting by a consonant in onset or in coda position. As demonstrated by percentage of target looking times and shift latencies, performance was similar whether the consonant was in onset or in coda position, a pattern extending previous results in 1.5-year-old infants failing to show an advantage for onset over coda positions in word-recognition (Ren & Morgan, 2011; Swingley, 2009 ) and word-learning (Nazzi & Bertoncini, 2009) involving an onset and a vowel. Importantly though, they did not have a preference for either vowel or consonant information in the conflict situation involving a vowel and a coda.
Therefore, the presence of the consonant bias in an onset-vowel conflict, and the absence of any bias in a vowel-coda conflict suggest that lexical decision migth be driven by an interaction involving the consonant bias but also a sequential bias in favor of the initial information, reinforcing the strength of the consonant bias in an onset-vowel conflict, and decreasing the strength of the consonant bias in a vowel-coda conflict. Note however that such sequential effects were only found in adults and were only found in the conflict situation on the percentage of target looking times. This suggests that these would emerge in response to processing pressure, when there is an uncertainty about the identity of several segments and would mainly influence the later stages of lexical recognition. The solving of the conflict might thus involve, in adulthood, lexical activation based on consonants intervening in the early stages of lexical decision and influencing the speed of lexical decision but also sequential processing intervening at later stages of processing and influencing the stability of the lexical choice. This sequential bias might also be present in children but because of the time constraints of the task and longer latencies in children this might not have affected their decision within the 2500 ms window of analysis used here. Future studies using longer time windows will have to further explore the issue of the sequential bias in children and adults.
Note also that while the present study addressed the issue of position by comparing consonants in onset versus coda positions, it will be interesting to continue such exploration, for example by testing vowel contrasts in initial positions such as in vowel-initial words (c.f.
Nazzi & Polka, in prep, for evidence on a C bias in V-initial words at 16 months of age), or consonant contrasts in non-initial positions of consonant clusters such as in CCVC words.
In sum, the present study demonstrates the existence of a consonant bias in word learning in preschoolers and in adults. In a situation involving a congruent target, the bias appears as robust in onset as in coda position with no significant developmental changes over the preschool years in the strength of its influence (although the best measure to reveal it changes with development). In a conflict situation involving an uncertainty about the identity of several segments, the consonant bias appears to interact with a sequential bias in the later stages of lexical response. The issues related to the consonant and sequential biases are of particular interest for our comprehension of speech perception processes and the present study brought some new information regarding their expression over development. As they inform us about the dynamics of lexical processing, these biases need also to be considered in the 37 elaboration of models of lexical access. Most of the actual models implement some sequential bias (TRACE: Allopenna, Magnuson & Tanenhaus, 1998; Mayor & Plunkett, 2009; McClelland & Elman,1986; McMurray, Tanenhaus & Aslin, 2009; COHORT: MarslenWilson,1984) , but only one model considers that consonants and vowels are processed differently (Berent & Perfetti, 1995) . Future studies confronting empirical data and computational simultations will be needed to better understand the interaction between the consonant and the sequential biases.
